an aqueous medium without the need for external potentials. We also demonstrate of a single gold nanoparticle trapped by a scanning aperture can be used as a nano-antenna for plasmonic enhancement of fluorescence in fluidic environment. Our trapping approach with appropriately tailored geometry might allow us to trap and levitate single proteins or macromolecules even in high salt concentrations which could open doors to well-controlled studies at the single-molecule level.
University of Colorado Boulder, Boulder, CO, USA. The Type III Secretion System (T3SS) is a complex, multi-subunit machine which plays a critical role in the pathogenesis and symbiosis of many gram-negative bacteria including Shigella, Salmonella, Yersinia, and E. coli. By secreting proteins through a needle-like complex inserted directly into host cells, bacteria manipulate the host response, allowing an infection to take hold. Structural studies of the T3SS and its substrate effector proteins show that effector proteins must be at least partially unfolded to pass through the channel of the T3SS and must refold once inside the host cell to carry out their function. Because effector proteins are mechanically labile, our early attempts to characterize their unfolding using non-specific adhesion to the AFM surface and tip were unsuccessful due to high surface adhesion and low throughput. To overcome these limitations, we designed a polyprotein with versatile, genetically encoded peptide tags that can be functionalized with mechanically robust small molecule handles. This functionalization allows for specific attachment to PEG-coated surfaces via copper-free click chemistry and a strong but reversible streptavidin-biotin linkage to PEG-coated AFM tips, drastically enhancing data quality and throughput. Specifically, we achieved a 75-fold increase in high-quality data and obtained the dynamic force spectrum of a single individual polyprotein in under 2 h. When combined with modified cantilevers, our polyprotein enables efficient investigation of mechanically labile proteins with 10-ms resolution and sub-pN stability. With these new tools, we can characterize the unfolding and refolding of T3SS effectors and explore how their structures have evolved for efficient secretion. National Institute for Nanotechnology, National Research Council, Edmonton, AB, Canada. The prion protein PrP misfolds to cause the family of prion diseases, including 'mad cow' disease, chronic wasting disease, and CreutzfeldtJakob disease. PrP is highly conserved across the animal kingdom, yet disease susceptibility varies widely, from highly-susceptible species like deer and bank voles to highly resistant species like rabbits and horses. These species differences appear to be driven by changes in just a few amino acids, but how these changes alter the misfolding remains unclear. We explored the effects of species-related sequence differences using force spectroscopy to observe the folding dynamics of single PrP molecules held by optical tweezers. We compared the behavior of hamster PrP (HaPrP) to that of rabbit PrP (RbPrP) and bank vole PrP (bvPrP): hamsters are disease-susceptible, rabbits are quite resistant, and bank voles are amongst the most susceptible of all species. Unfolding and refolding trajectories were measured while ramping the applied force up and down. The resulting force-extension curves (FECs) revealed the existence of any on-pathway intermediates or misfolded (off-pathway) states, reflecting also their energetics and kinetics. In contrast to HaPrP, which previously exhibited two-state folding, the folding of RbPrP involved multiple on-pathway intermediates; in both cases, native folding was rapid and misfolded states were not detected in FECs. For bvPrP, FECs included zero or at most one on-pathway intermediate, but the folding kinetics were much slower. Notably, metastable misfolded states with lifetimes on the order of seconds were observed for bvPrP. By relating the contour-length changes observed in FECs to structural features of the proteins, we propose possible intermediates in the native folding pathways for RbPrP and bvPrP. These results show that the subtle sequence differences between PrP from different species produce important differences in the folding dynamics.
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Single Particle Virus Isoelectric Point Determination with Chemical Force Microscopy Xue Mi, Caryn L. Heldt. Chemical Engineering, Michigan Technological University, Houghton, MI, USA. Virus surface characteristics plays a key role in virus sorption processes, but there is very limited information in the literature on viral surface properties. One important surface characteristics is the isoelectric point (pI), which corresponds to the pH where the net charge on the virus particle is zero. The surface charge of virus particles is pH dependent, which dictates the mobility and controls the colloidal behavior in virus sorption processes. While traditional characterization methods, including zeta potential and viral adsorption to a charged surface chemistry, have been used to study viral surface charges and determine the pI of virus, they are bulk measurements that are limited by virus purification methods. The single particle method of chemical force microscopy (CFM) allows not only the quantitation of the virus surface charges, but can probe the effect of purification on the charge. CFM can measure the isoelectric point of complicated virus particles by using an AFM probe terminated with ionizable groups. The model non-enveloped porcine parvovirus (PPV) and enveloped bovine viral diarrhea virus (BVDV) were used to demonstrate the use of CFM for viral particles. The change of adhesion forces measured as a function of pH is due to a change of virus surface electrostatic properties. The virus immobilization method used helps to maintain a more natural form of the virus without deformation, disassembly, or dehydration. With a thorough understanding of virus surface characteristics, virus purification and future virus removal process could be significantly improved to specifically targeting viral particles. This will lead to improvements in virus removal, purification and detection.
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High-Throughput Single-Molecule Characterization of Antibody-Antigen Interaction using Centrifuge Force Microscopy Yi Luo 1 , Darren Yang 1 , Molly MacIsaac 2 , Wesley P. Wong 1 . 1 PCMM, Boston Children's Hospital, Boston, MA, USA, 2 University at Albany, SUNY, Albany, NY, USA. Antibodies generated during the immune response display a wide range of binding properties. Such intrinsic heterogeneity is essential for their biological function but can be difficult to characterize in a precise and quantitative way. Yet, the ability to rapidly measure distributions of affinities and binding epitopes for polyclonal antibodies could illuminating key processes such as affinity maturation, or assist in the development of vaccines. While singlemolecule approaches have the potential to provide insight into the molecular heterogeneity of antibody-antigen interactions, the lack of throughput in many traditional single-molecule methods has limited such applications. We present a bench-top centrifuge force microscope (CFM) assay that provides an inexpensive and easy-to-operate method to study antibody-antigen interaction in a massively parallel way at the single-molecule level. Combined with DNA Nanoswitches to enable repeated interrogation of single-molecule pairs, we are able to achieve fast and accurate analysis of heterogeneous samples. We demonstrated such ability by repeating bondrupture measurements over more than 250 validated single antibodyantigen pairs for 20 times or more, yielding thousands of measurements from a single experiment. Our results on the force-dependent antigen dissociation rate of monoclonal antibodies agreed well with the theoretical Monday, February 19, 2018 355a 
